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SYMBOL.) 

AF - Propeller Activity Factor 

b2 
AH - Geometric Aspect Ratio of Aircraft Wing = -p— 

5 
r - liumber of Propeller Blades 

b - Wing Span - Feet. 

D - Drag, Pounds 

Dp ■■• Propeller Diameter, Feet» 

e - Oswalds Equivalent Aircraft Span Efficiency Factor 

F - Fuel, Pounds 

f - Equivalent Parasite Drag Area, ft^ 

H -■ Altitude, Feet 

K - Constant 

N - Number of Propellers 

NRP - Normal Rated Power, Shaft Horsepower 

QT - Thrust Coefficient 

R ~ Range, Nautical Miles 

R/C - Rate of Climb, FPM 

R/D - Rate of Descent, ft. per minute. 

Rp - Fuel Weight/Gross Weight 

S - Wing Area - Square Feet 

SHP - Shaft Horsepower 

TQ - Torque Coefficient 

THPa - Thrust Horsepower Available, = T x V 
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THPT 

SYMBOLS 

Thrust Horsepower Required 

Velocity, Nautical Miles per Hour, True Air Speed. 

Velocity, FPS 

Propeller Tip Speed - FPS 

wG 

- Disk Loading., Ibs/sq.ft«    =    —  
NTT Dp2 

h 
Airplane Weight, Pounds 

wH „ rp,       .  T    j-        -iv,  /      fi.           Sea Level Static Thrust Thrust Loading,  Ibs/sq.ft.    =        propeller Disk Area 

1 „ Propeller Efficiency 

P Kass Density of Air, Slugs/ft^ 

SUBSCRIPTS 

A _ Refers to Engine A 

a - Available 

B ~ Refers to Engine B 

c ... Climb 

d •- Descent 

e - Engine 

F - Fuel 
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ur 0 3 3 

Inboard 

Standard Sea Level or Outboard 

Propeller or Propeller Shaft 

Required 

Tip, 

8 Engine or Total 
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SUMMARY 

This report provides an aerodynamic analysis and outlines 
methods used in obtaining the aerodynamic "RF" for the 
solution of the optimum transport propelloplane under 
contract Nonr l6Sl  (00)a The combination of aerodynamics 
and weights "RF" (Reference 2) by the method described in 
Reference 1  yielded the optimum aircraft» 

Minimum gross weight was considered to be the criterion 
for optimum selection. A three view drawing of the optimum 
aircraft is provided on the following page. 
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2.1 Er^-'ine Characteristics 

Generalized shaft turbine engine  characteristics according 
to Reference  3 for the year 1?6? were  ased.    Specific fuel 
consunptior versus % KRP cu'ves are repeated in Figure 2 
for easy reference. 

The contribution of turbine  .let  thrust to forward flight 
oronulsion was rot considered,   since its effect was snail 
a i the flight speeds encountered and insignificant on a 
comparative basis as affectinr the optimum selection. 

202 Gear Box "Derating" 

As a result of the  gear boxes being deratedj the power out- 
put per two engine combination is limited to 75 percent of 
sea level NRP, 

2o3 PliS 

The equivalent parasite drag area,,  f. was  computed to be 
Ulo2 ft^  in cruise configuration with external fuel tanks. 
This value was assumed constant for the matrix of possible 
aircraft considered. 

o 1 Power Required 

Airplane thrust, horsepower required is defined by the fol- 
lowing expression: 

THP, 
Po vJf 

96100 

WG (^) 

3,^7 AReV 

Let K = 
-:;lT 
3.Ü7 ARe 

(1) 

111.2 (see 2.3), then 

CHPr 
po r        K 

+   
2330 £-v 

(2) 
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2.ii     Power Required (Continued) 

Equations (l) and (?) are plotted on the following pares 
(Figures 3, h,  and 5) permitting the solution of THPr for 
selected values of p/p0, V, WQ^ WQ/S, and Afi„ Figure 6 
shows the assumed variation of e with AR, being reproduced 
from Reference lu 

CONFIDENTIAL 
60-030 C 



iO-OIB 



ER   HELICOPTERS 

60*28 



Uppu "n ID 

HILLtR   HL:L!COP(ERS 1 

REPORT   SO 

60-028 

n F; 

o 

'„•■ o 
o 

> 
a; 

.-o 
Qj 

O 
O O o 

H 
CT) 

8 
o 
-4 

""•dl-IX    ''paJTt.bs}!   joHoctesJot-j q-srutfj, 

C 0 M F I D E N T I A L 

o 

O o 



MILLER   HELICOPTERS 

REPORl    NO 

o 
j   >      ^ 

I a a. 

<i('- 3fe 
Q. 

fe 

_-J 

a la 

o 
H 

O 
O 

O o 
8 
CM 

O o o 
H 

c c o 
rvj 
H 

O 
O 
O 

o o 
3 

o 

40*28 C N F I D E N  : I A L 
JcIHi    'paatpboy jawdasjoii ^snaqj; 



APPROVED 

HILLER HELICOPTERS 
i>rn .yinru ; HI a LVSIP .ifr'0."i.. :• 01 
['i-ari^pürt PropeliOfilane .^tüdy 

Contract Nonr lo^y (UO) R E P □ n T N □ .     VI   i ,     7 

■T      r- Power Available 

In order to describe the available thrust horsepower 
characteristics of an aircraft; the following must be 
known. 

1. Installed Horsepower 
2. Propeller Diameter. 
3. HAF 
.'i. Tip Speed 
5. Altitude 
6. Type of Propellerj i.e. Single or Dual Rotation 
7. Propeller Characteristics, i.e. Variation of 

Propeller Efficiency with Forward Speed. 

Items 1-3 were obtained on the basis of the 6000' 950F 
hover ceiling requirement and minimum power package weight, 
A complete discussion of this is contained in Reference 2. 

Items If-1} Variables. 

Item 6   Dual rotating propellers were used. 

Item 7   Propeller characteristics were obtained from 
Reference $. 

For purposes of illustration, Figures 7 through 10 show the 
variation of propeller efficiency and thrust horsepower with 
forward flight velocity at various percentages of shaft horse- 
power for the optimum aircraft (Figure l). 
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2.6.1 

En;;ii:e Operation 

The transport propelloplane under consideration provides for 
a total of fi engines and I4 nacelles (2 engines per nacelle). 
When cruising at legs than full power, a number of nossible 
operating combinations exist. It is the object of this 
section to determine a schedule of engine operation which 
will require the least fuel and still be consistent with safe 
operating procedures. The assumption is made that the applied 
thrust must at all times be symmetrical; therefore^ engines 
must he shut down in pairs and propellers must be feathered in 
pairs. 

Engine Operation Within a Single Nacelle 

Let the 2 engines be denoted A and B, then 

FUEL 
HR 

SFC NET SHPr SFCA SHPA + SFCB SHPB 

FUEL 
SHPp - HR = SFCNET SFCA 

SHPA 

SHPp 
SFCB 

SHPB 

SHPr, 

SHPA + SHPB SHPp 

let RA =■• 
SHPA 

SHPp 

SHPB 

SHPp 
then, RA + Rg = 1.0 

Also,  |($ NRPA)  + \{% NRPB) = %  NRPp (3) 

SPG 

RA 
RR 

NET = SFCA RA + SFCB RB 

SHPA    %  NRPA 
SHPr %  NRPB (p) 

Using the specific fuel consumption characteristics of Figure 2, 
the SFCj^ip is plotted against % NRPp for various RA/RB in 
Figure 11. It is seen that the operating procedure for minimum 
fuel oocui^s when both engines are operated at the same % NRP, 
Below 5O0RPp the procedure for minimum fuel consumption is to 
shut down one engine completely, thereby operating the remaining 
engine at a high % NRP and consequently lower specific fuel con- 
sumption. 
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n.q in the ran.^e of 73 to 100« For the  total required power falu 
of available power_„  there are two possible operating procedui-es;; 

I»    Maintain all P engines at the same % NHP, 
2.    Maintain one pair of nacelles,,  say,  the outboard at 

100/teP while varying the inboard as required« 

To evaluate these two possibilities,,  the following equations 
are developed. 

Let subscript,   i,  denote inbc ard. 
subscript,,  o^  denote out! oardj 
subscriptj  B,  denote 8 er gine or total» 

TOTAL^L    „    SFC.   SHPi    +    SFCo SHP0 

but             SHP    =   — 5 therefore 
■n  ■ 

TOTAL FUEL    _              THPi 
HR        "  s'u   :n,

i' 
THP2                                 (6) 
^0 

THPi THP0. 

T ,- +■ n      -■■      ,.   ' i  ....              p =    -Tmy---       Then, Let Hi    -        THpp        „      li0 

^8 ^8 

THPx 

Ri               ^i" 
Ro              THP0 

(?) 

^0 

THPi    +    THP0    =    THPQ (8) 

Combining (?) and (8) 

^0 
THP8T|T 

Ri 
THP8F 

HPo   ^   Ri    ^lo   5      THPi 

Ro + ^ 
1       0 

Ro    iu 
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and substituting these in (6) 

FUEL 

Ri 
SFCi          Ro SFC0 

"no 

^0 

i 

THP - HR 

^i/ 

(9) 

Fron Equation (?)  and (8) 

2i R,    +  ^ R[ (10) 

Fron Equation (?) 

R.;    %  NRP ei 

Ro   %  NRPeo 
(11) 

Also. 

1 ^i 
■i —■ 5S NRP ei + I ~ ^ NRPeo NRP8 (12) 

Using the above relations the two possible operating procedures 
evaluated on two representative aircraft (Figure 12). It is 
seen that the minimum fuel is required when both inboard and 
outboard nacelles are maintained at the same power (Alternate l) 
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2.6.3 •JRPf to 7^ 

Ln this rai 
exists 

'e the folloKin'- engine operatinp alternatives 

1. 8 engines operating at same % NRP. 
2. 6 engine operation as follows:     (Assume 2 outboard 

engines shut down.) 

a. All 6 engines at same 
% NRP,  that is, RJ/RQ    =    2 

b. Maintain single outboard engines at 
100^ and vary inboard as required. 

Equations for 6 engine operation are obtained in similar 
manner to 2.6.2. 

l^i ^ -tr % NRP 
1^ 

ei l\ 
-- %  NRP 80 NRPg (13) 

%  NRP 
2 -r 

ei 
NRP eo ilk] 

Evaluation of the above operating procedures is provided by 
the same two representative aircraft (Figure 12). Minimum 
fuel requirements are obtained in this range by operating six 
engines at the same power (Alternative 2a). 

2.6.ii   %  NRP $0%  or Less 

From the preceding sections it has been found desirable to 
shut down engines whenever possible and to operate the remain- 
ing ones at the same percent of power. In view of this, then, 
the possibility of operating 6 or B engines in this range may 
be eliminated. The two remaining alternatives are: 

1. One pair of propellers feathered, ir engines in 
2 nacelles operating. 

2, k engines in i^ nacelles operating. 
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P.ö.l)   ^ NRP ^0%  or Less (Continued) 

The apparent advantage of operating half of the propellers at 
higher power and, hence-, higher efficiency must be weighed 
against the increased drag of the feathered propellers. 

From Reference 6 for a three bladed propeller, 

P v2 Dp2 Tc 
D = 

3 

and for a six bladed pronellerj 

ATKR 

A THPT 

2Dv 
or 

2pv3 Dp2 TC 

3(550) 

For evaluating THPr the following conditions are assumed: 

1. Turbine torque is zero (assumes the use of shutters 
or vanes); therefore Qc = 0, ß.y^R = 85 ,  and TQ = .008» 

2. Comparison is made at sea level standard conditions. 

3. Comparison is made at minimum mission speed of 260 knots. 

The expression for A THPr is, then, A THPr = 1,96 Dp2 

The increase in available THP for the same SHP that would result 
from supplying the required power by one propeller at higher 
efficiency rather than two at reduced efficiency is listed in 
the table below for representative aircraft. 

Corresponding THPr due to the feathered propeller is also tab- 
ulated for comparison. 
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2,6.k %  NRP $0%  or Less (Continued) 

WH WG vT % ATHPa A THPr 

ho liOOOO 800 20.36 1300 810 

POOGG 
to 

1000 28.80 2200 1620 

100 llOOOO 12.86 300 320 

80000 

  

18.20 hoo 6h$ 

— 

From the above table there appears to be little advantage in 
feathering propellers. Furthermore, the selection of the 
optimum is facilitated and not affected by considering all 
propellers in operation. 

2.6.5   Fuel Consumption 

This section provides the method used to calculate fuel 
consumption with engines operating according to the schedules 
for minimum fuel of the preceding sections. 

TOTAL FUEL 
HR 

SFC^ 
THP. 

SFC0 
THPf 

(15) 

2.6.5.1  8 Engine Operation 

For a given flight condition the total required THP is evenly 
divided between inboard and outboard nacelles, thus, 

TOTAL THPr THP±    + THP, 

^i = T]  , and o ' 

SFCj, « SFC0 ;  therefore 

TOTAL FUEL 
HR 

= SFC 
THP, 
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The caicilation procedure is,  then 

a,    Head T:IPr. a^   the riven flight condition (Figure 3 or it)» 

b.    Read percent of  lorm^l  rated newer of propeller shaft« 
% NilPp (Figure 7   or   9 ). 

:,    Ready] at. ^:RPp (Figure F  or :u). 

d. % NRPe = ^ KRPp for P engine operation» Read SFC 
at NRPe (Figure 2o). 

2o6.[5o2  6 Engine Operation 

The total required THP is not evenly divided between inboard 
and outboard nacelles| however it is convenient to determine 
a relationship for total fuel/hr which is independent of 
individual nacelle operation, hence. 

TOTAL FUEL 
HR 

ü = SFC - 
THP, 

^8 
where 

THPr 

^8 

Total required tlirust horsepower- 

propeller efficiency for P engine operation and 
is read at the percent of P engine normal rated 
power. This relation is based on the assumption 
that 

THPr THPC 

Although the propellers are operating at different 
efficiencies, the compensating'variation of THP^ 
and THP0 is sufficient to make the assumption rea- 
sonably valid for the matrix, 

SFC  = effective specific fuel consumption and is read at 

%  NRPg 

with reference to equation (1.3) with all 6 engines 
at the same %  NRP» 
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.c»","      6 Engine Operation  (Continued) 

1, fülPo 
J.r.p 

1  Tli ! ^t 

TIP U Tin 

The denominator. 

2 Tip ^8 

when checked over the matrix is found to remain nearly constant 

at .75» 

Fuel/hr i.s calculated as followss 

a. Read THPr at the given flight condition (Figure 3 or It) 

be Read percent of ?•  engine normal rated powerc, 
%  NRP  (Figure 7 or 9). 

c. Read pp at %  NRPp (Figure 8 orlö)» 

do Read SFC at %  NRPp (Figure 2,). 

2,6,5»3 h Engine Operation 

The total required THP is evenly divided between inboard and' 
outboard nacelles,, thus,, 

TOTAL THPr, - THPi + THP0 

rii - T)0  and 

SFCi 

TOTAL FUEL 
HR 

SFG0 ',  therefore 

THPr, 
= SFC 

il 
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2o6,6 

g Engj.ne Operm :on  (.Cc':t. 1 nued] 

Calculate total fuel/hr as follows; 

a.    Read THPr at the riven flight condition (Figure 3 or U) 

bo    Read percent  of normal   rated power of propeller shaft«, 
% MRPp    (Figure 7 or   9), 

Co    Read^atiNRPp (Figure 8  orlO). 
% NRPp 

d, %  NRP. 
• 5 

Read SFC at % NRPe (Figure 2)« 

5i}^i:£}^ Operation 

The following table sumnarizes engine operationc 

Sea Level Operation 

n  G ENGINE 
KRP 

1GINE OPERATION % NRP/ENGINE 
% NRP AT 
WHICH TO 
READ SFC 

100 - 75 

75 - 62o5 

62o5 - 56.2 

56,2 to 50 

50 or less 

Engines can not be operated in this range due 
to gear box derating-. 

?'  Engines at same 
%  NRP 

6 Engine Operation 

6 engines at 
same % NRP 

h  engines at 
same %  NRP 

All propellers 
operating 

75 to 62«5 

ir engines @ 7^ 
2 engines ^ 
100 to 75^ 

6 engines- 75 
to 67^ 

k  engines - 
100^ or less 

Same as 8 engine 
%  NRP 

%  NRPg 

NRP 8 
»75 

%  NRPß 

:r 
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^5.000' Operation 

: ENGINE ENGINE OPERATION % NRP/ENGINE 
^ NRP AT 
WHICH TO 
READ DFC 

LOO - )U - ,'-) 

r6 - so 

^0 or less 

c engines at same 
'"^ NRP 

6 engines at. same 
%  NRP 

li engines at same 
%  NRP 

All propellers 
operating 

100 - 75 

75 - SO 

50 or iess 

Same as 6 
engine % *■  NRP 

8 Engine % NRP 

8 Engine , 'RP 

>5 

2o7 Rate of Climb 

Rate of climb is obtained from the expressions 

R 
C 

33000 
(THPa - THPr) (16) 

Figure (13) is a graphical solution of equation (ic) for rapid 
calculation of rate of climb. The maximum rate of climb is 
obtained at the velocity where the difference between THPa and 
THP,, is greatesto 

2,8 Rate of Descent 

Equation (l?) defines airplane rate of descent with power on» 

R 
D 

33000 
(THPr. - THPa) (17) 
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?o^ Ins ilird Hor Jj±llli. 

Fne r.ea  l-.-vi-l ;eN ri.r1 :; 

3.2 

3. a 

;ica Ll vex Prot^ellor -. i» ■,■> i 

engine  ;>4;   thrust Hover ceiltr-; altitude pronoller Lhrusl 

— Se-q L'"'vej. Propel:er T-ir-i^t 
"ror-r VJei^ht 

■.s Kr.owna     mis rar,!'.1  i.;. 'lenement upon nropeiler am' engine 
character Leticn,    i"cr the dual rotatmfi; nrjpeliers,   ras  t/arbir" 
oower plants, oOOO',  950F hcvjr ceiling,  and matrix under con- 
sideration;   this ratio was found T,O remain essentially constan 
at 1..3. 

SPEGIFLsD HIKCJAFT PSltFGRMNCE AND MISSION REQUIlg^NTS 

The specified aircraft, performance and mission requirements ars 
listed below» 

Required payioad is  r0öQ lbs,, ouT-bcund and ItOOO lbs«  returno 

Hover  ceiling 6000',  95^. 

Cruise speed 300 MPH minimum (260 knots). 

Mission per Firure Ik« 

J'000  r^et, 
,   > V 

// \\ 

Sea Level 
r —   -r ■ -*- -y , 

üfer- 

-y-9 NoMi*- 

Figure lh. 
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.en Fuel 

Lerrdr.e  IUP  total i'uel rßquii'i-d for {'■<[- n^ss'.-VJ 
hericc   tli? "Rf''.   *:ie ;riiss.i    i is nroken 'iov;n  into Lompoi'.ent 
parts»    Fael  reqtiired for -'-'rn naru  i;;  iot-eriräned,,   the  DLLTwatJ.jn 
of   ti.e^e orovidinp the  total   mission fuel,, 

Starting ^'lei 

A starting and maneuvering tine of 2 minutes per flight leg is 
assumed^  ^ivLng a total of h minutes»    Dur-ing this time 8 engine 
are assumed to be operating at 15% MRP0    It is further  assumei 
that the operation is at  sea level, 

Fc    =    SFG (t)(SHP) 

3FC 

t 

SHP - ]S%  of total installed power 

Fs = „028? SHP 

h 
6u 

J„5o2    Reserve Fue1 

Reserve fuel is ass'jmed to be 10$ of total fuel, 

3o«3    Glnnb Fuel 

The followiriß assumptions are made re^ardin^ climb fuel» 

a» A rlimta to 2ir000 feet in the shortest time is assumed 
most economical. 

bo Rate of climb at sea level is calculated with 8 engines 
operating at 75$ MRP due to rear box derating« 

Co Rate of climb at 25000' is calculated with 8 engines 
operating at 100$ NRP (100$ NRP at 25000 feet is equal 
to 60$ sea level NRP,, Reference 3) = 

do A linear variation of SHP, SFCj Vc, and R./C between sea 
level and 25000 ft. is assumed. 
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)o; 

RC ^    SHP      .f..-. 

i.'''l 

i. u ' • a 

),S,u 

V.-     -    avtird;-e   ;.ii;iii;   /elcclty between OoLo  and oOüC 
fee:, for naximun raJ"e GI climb. 

RQ    -    riaiire credit during ciimt. 

AH    -    2':;0ö0 fe£;.o 

Average rate of climb between SoL,, and 25000' 
(Reference lo Section 2o'f) 

Avera-e o'.lP hetwoen OoLo and 35000', 

Average SFC i-etween S.Lo and 25000; » 

R 
c' 

SVC 

Descent Fuel 

Cdiciniation of descent fuel 1.3 hased on the fcil.rwir.fi aösompr.ion? 

a.    Rate oi  dedcen^,,. R-'D.  is constant s.'  "SOO f^Vun« 

e.    Des:,-:!'   \,r-io.:i ty;,  Vf),.     ■-•     300 knOuS« 

Mcst e;'or!em:.raL engine operation per section ioO is  assiunoc 

d. A iinear variation of SHPj and SFC between 25000" and Sol.» 
;; e assume do 

Fr VT5SHP '*h™ 
RD    r:    VD   7-0- 60 5 

V]]   =    300 knots 

A.H   -    2 5000: 

R 
D 

2:500 ft/n:ir;„ 
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Md    iJO    ;i;i    [■ 

F- it,., --•    6HP 
(/r 

;:'■/!- 

v- AH 
...... ari ;i 

V-    -    average  :iirrib  /elr-citv betvieen SoL» and 25000 
fe:;:. for naximum ra*e of clfmb« 

RQ    ~    Hanr'e credit  during climb. 

AH   -    25000 fee-.. 

-■    ■•    Average rate of climb between S„Lo  and 25000r 

(Reference lo Section 2,7) 

3 HP 

SFC 

Descent Fuel 

Average SHP i-etwc-en SoL» and 25000' 

Average SFC  hetv;een S0Lo and 25000; 

Calculation 01' deocent  fuel  is based on the foll.'Jwin^ aösornj;:.'.. J-I-O 

a,    iiate oi   deocen'.. R,Dr   is constant, at  "500 ft/'irdn» 

D.    Dos lent   *vrfiocityi   VQ,     -•     JOG ImotSo 

Most  e.'onomLoal engine operation per section 20,6 i.; assumod« 

d. A linear variation of SHPj 
is assumed. 

and SFC between 25000"   and SJ., 

FD    :-    RDT5SHP    where 

RD    -    VD   A|.. 
60 | 

VD    - 

A,H    - 

R 
D 

300 knots 

25000: 

2500 ft/mino 
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De3-.enr Fg;;:   n;or!L:iri.i^) 

■ D '■•"-'- 

SFC    -    Avjn 

ut PCIWT N n 

SHP coween  .-SOOO' a,';J b l-lav re oo tai nfvä 
from pquation (17J 

Crir'.sing Fue] ^j^^^1-' 

Fuel for 2V:0Q0'   cruise 
4     i V -■ --^ it f ur. „    i 

v   v" ffi y 'where 

Fuei. . 
my :- ol' :airied ^ordii-K to Section 2,6o5< 

V    iß craise velocityo    I;: is selected for- minimum 
fuei/'riile,,  but  according lo mission requirements^ 
in no cose less than 2ÖC Knots,, 

R RQ (N-Mi) 

3.5o6 

•fir 

3 o 5 • ? 

Cruising J uel  ■- Sea Level 

Fuel for sea leve]   c.vaise 
HR   . 

/'Fuel 
-gs-" j is ■ : "-; i i        jccording to Section 2.60S 

is oriJise vslooity for minimum faei./rm-iöj  ana equaJ 
to or greater vhan Z&Z Iciots» 

R -  7I4 NoMi 

The return half of mission is identical to the outbound oaif 
except for the gross weight which is reduced by the amount of 
the fuel used for the first half and liOOO "lbs, payload. The 
predominant effect of the lower gross weight- is in the reduction 
of induced drag of which the term "K" (Section 2,k)  is a function. 

For the purposo of determining outbound fuel requirements for the 
matrix range of wing loading and aspect, ratio a plot is made of 
fuel versus "K". Figure (l^) is such a curve presented for pur- 
poses of illustration. From this curve the half mission fuel, can 
be read for my combination of W/S and AR» Also, from this same 
curve the return fuel can be read at the new value or '"K" for the 
return half, 
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.'tie ranne of parameters considered is outlined below (Figure iCy 

Gross Thrust       Aspect       Wing Tip 
Weight        Leading Ratio     Loading      Speed 

Figure 1.6 c 

5.0 MODEL 10li8-A5 OPTIMUM AIRCRAFT 

Physical characteristics and performance of zhe  optimum 
aircraft are tabulated below. 

ur 0 3 5    VJ eX gilt     ao«oooe*oooooaoe* /.LjidPU     J-DS» 

Fuel Weight  .Oo,...,.....,.... 11,200 lbs. 
Empty Wei ght  »o.. o <,. ^ =.»». - 0, „ $1,290 lbs« 
Installed Horsepower  .......o. 8 engines ^ 3?p0 NRP 
Disk Loading oo.,,,.., o .<.<, ...o o, 65oli lbs/sq.fta 

Tip Speed  „ c  ....« 900 ft/sec 
Propeller Diameter «.........<> l8o6 ft« 
i\ O o     D J..3,Q0 D      •ooooofleo9c>««o(i«e«s O 

Activity Factor „„... ,, 135 
V/ing Loading s«....««..  90 lbs/sq»ft. 
Aspect Ratio „.o....,......... 6.5 
Wing Area .................... 792 sq.ft. 
O P cLll      C3oa*n««o*ooo«oo**rto«aaoo f X« O     Xbo 
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MOIEL IQlj'-A,   OFMK A IRC RAKT (Continuo d) 

• a o • o a 

n    o    •   O   O 

0  •   »  o  •  o 

125 ktSo 
260 kts. 
300 kts, 
330 kts» 
klO  kts< 

7Ö0 FPK 

Stall Speed, Sea Level Standard;, Power Off 
Cruise Speed,, Sea Level 0... » = .0 „...,. 0.»., 
Cruise Speed, i'JOC'O' .,.,0.».,,,„,..,»,.,.. 
Maximmn Speed. Sea Level (7^NHP) „„„ 
Maximuin Sneed,  o30(}0 '■   (lOO^MRP) ,.... 
Vortical Rate of Climb, 6000'. 9[-0F, 

Maximum Power »..«<..... ........,.<,. 

Vertical Rate of Climb, Sea Level,,, 
7^ MRP ^7^0 TTPM 

Rate of Climb, Sea Level, 7^ NRP ...,..„.,.... 63OÖ FPM 
Rate of Climb, 25000'5 100$ NRP ....,..,...,,.. 1)100 FPM 
Hover Ceiling, 95° F, MRP 0,...,....,...,,. .,e0 6000 ft. 

Hover Ceiling, Standard Atmosphere, 
Maximum Power »,o,.»...»o....... o........... Ili700 ft 

Service Ceiling, NilP, Gross Weight ............ [tOOOO ft 

Static Thrust, Sea Level, 75$ NRP ,,, 
Static Thrust. Sea Level, 100^ NRP 

(Over Gear Box Rating) ««.,.,...,. 
Static Thrust, 6000', V'^F, Maximum 

Power, 2 Engines Out .,<,..,.,..,.. 

Ferry fiange at 20^ Overload, 2^000( 

Cruise Altitude, 10^ Reserve 

....0... 65000 IbSo 

...... o, 102000 lbs, 

........ 62800 lbs. 

2800 N„Mi. 0«OOw ««Aatraoooo 

Power Required 

Figure 17 is a plot of shaft horsepower required and available 
for sea level standard conditions« Power required for the 
transition region was calculated according to the method pro- 
vided by Reference (7). 

Jet Thrust 

Figure 18 shows the effect of turbine jet thrust on cruising 
fuel economy. As originally assumed, the difference in fuel 
consumption is negligible,, 

Best Cruise Speed 

Figure 18 also shows the velocity for minimum fuel consumption 
to be 260 knots at sea level and 300 knots at 25.000'„ 
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Without Jet Thrust 

With Jet Thrust 

With k Without Jet Thrust 

Figure 18t 

Sea Level 

h Engines    6 Engines 

2^000 Ft. 

150 200 250 300 
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?.Ii Take-Off Distance 

Distances required for running take-off to clear a 50 ft. 
obstacle are provided by Figure 19« The methods of References 
8 and h were employed and assume a level, smooth concrete run- 
way., sea level standard conditions» 

3000 

2000 
Take-Off 
Distance 

Feet 
1000 

/ 

i / 

Figure 19. 

50 60 70 80 
Weight    x    1000 Lbs. 

90 

5.5 

6.0 

Off-Design Operation 

Figure 20 shows the range-payload capabilities of this air- 
craft when fuel and payload are interchanged. Also; as shown, 
the capabilities are further enhanced when an overloaded 
running take-off is permitted from home base with a vertical 
landing and take-off at the remote base. 

MODEL 10li8-B 

Contract Nonr 16^7 (00) was extended an additional period of 
time in order to establish an aircraft capable of meeting the 
specified mission and hover ceiling using engines, propellers, 
and other components available for production in the year 1960. 

Two more requirements of the mission were added, namely; 

1, Fuel required shall be computed as 2,2 times the fuel 
required for the first half of the mission. This method of 
computation is essentially the same as the method used 
for the main study except that the small reduction in 
fuel required for the second half due to reduced gross 
weight is not accounted for. 
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Aerortyririmic Analysis Roporl'Fofl., ,;.>  '-.^^ " 
Transport Propelloplane üi-uriy    \ _.„.___  J 

Contract Near iG1-',' (GO) j,,^-p- r«   ll'u?   I 

G 0 N F I D :■  K V I A L 
PAYLQAD    -    .RANGE 

"OPTIMUM" PROPELLOPLANE 

VTO    Mission    ~    Beth Ends 

Running TO, VTO & Ldg, ^ Outbound Ease 

Figure 20. 

All Minions unload 2 ton payload at 

outboun? base.    Last 71] N.M0 adjacent to 

outbound base arc flovrn at sea level 

cruise at all altutudes at 260 knots on 

ii engines. 

Entire Mission at Sea Level 

Altitude Cruise at 2^,000 Ft, 

Altitude Cruise £:  15,000 Ft, 

Minimum Payload 

200 i;00 

Radius Action 

600 

N. Miles 

800 1000 
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2.    The specific fuel consumption shall be increased ■$ over 
the manufacturer's guaranteed value. 

Mission and hover ceiling requirements are met by the use of 
water-alcohol injection for the initial take-off.    The aircraft 
reaches   design rross weight of 93000 lbs. for the first landing 
at the  remote base. 

The following tabulation lists the physical characteristics 
and performance« 

Take-Off Gross Weight 
Design Gross Weight . 
Fuel Weight ..... 
Bisk Loading    .... 
Wing Loading    .... 
Propeller Diameter 
No. Blades    ..... 
Activity Factor .  .   . 
Tip Speed ...... 
Aspect Ratio    .... 
Wing Area  
Span    .   .     

O      0      o       • 

0        0        0        0        9 

9        0*0 

9       0       •        9 

0        0        0 

O        O 

• 0 

Installed Horsepowers    8 Allison 550-B1 Engines 

Water-Alcohol ,...,..,  
Stall Speed, Sea Level, Standard-Power Off 
Cruise Speed, Sea Level  
Cruise Speed,  2^000 feet  
Maximum Speed, Sea Level (75^ NRP)    .   . 
Maximum Speed, 2^000 feet  
Rate of Climb, Sea Level, 7^ NRP . .  . 
Rate of Climb, 2^000 feet, 100^ NRP .  . 

o     a     a 

o     •     o     o     o 

o     •      o     o     o 

= 101,000 IbSo 
= 93,000 lbs. 
-  18,^00 lbs. 
= 61).,05' lb/ft2 

* 90 lb/ft2 

= 21.5 fu 
= 6 (Dua" 
= 135/Blade 
= 900 FPS 

U o ^ 

= 1032 ft2 

= :01.9    ft. 

is /^90 NRP 

= 11^0 lbs, 
= 125 knots 
= 270 knots 
= 300 knots 
= 365 knots 
= [[65 knots 
= 6860 FPM 
■= 5800 FPM 

Hover 0 6000 ft., 95% Take-Off Gross Weight requires 76^ maximum 
available power + water/alcohol injection. 

Hover Ceiling, Standard Atmosphere, Maximum 
Power  + Water/Alcohol Injection    .... 

Service Ceiling, NRP, WQ  
Static Thrust, S.L.,  75^ NRP   . 
Static Thrust, S.L., 10C$ NRP  

18,650 ft, 
1^9,200 ft» 
106,300 lbs. 
127,000 lbs. 
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Stati:- Tlorusr.. 600:?  ft.,  9^, Maximum Power, 
2 Engines Out 0   ,   , e      •      <■ OOOOOOOC'ÜÜ 

With Water/Alcohol Injection Added »        O        O        ft        o o 

n:.95o ibs, 

9^,000 lbs,, 

Vertical R/G_, 6000 ft., 950F, Maximum Powerj 

+ VJater/Alcohol Injection, WT.0.  ....... o , =  3,950 FPM 
Vertical R/'C, S.L.j, 7^.% NHP, Take-Off WG ....... -  1,520 FPM 
Ferry Range tö 20^ Overload, 25000 ft Cruise 

Altitude, 10%  Reserve ............... B  2,050 N.Mi, 

7.0   MODEL 10l|8-D 

A brief investigation was made as to the type of mission that 
could be made with Model 10i|8-A using presently available engines 

and propellers. 

As specified, 20 percent of the mission is flown at sea level. 
With a 6000 lb. payload a mission radius of 270 N.Mi. can be 
flown. Hot Day (95^) hover ceiling of 6000 feet is met with the 
use of water/alcohol injection for the initial take-off and for 
the first landing at the remote base. 

On the other hand, the specified mission radius of 369 N.Mi» with 
8000 lbs. payload can be met if the hover ceiling is reduced to 
6200 feet standard altitude. 

The following tabulation lists the characteristics of Model lOijU-D, 

Take-Off Gross Weight ...... . 
■Tdy XüäQ    o«oooQ*ooooeoo 

r USX ooo»ooooo0oo*ea 

Watsr/Alcohol ooooo.o^ooo 
Propeller Diameter    .   0   •  <,  o   0  o  • 
IMOo    nx3.CleS       «o«oo*ot)oo*o 
Activity Factor »   o  «   «  •  *  o  «  o   o 
i ip   Op e6Clooeao*ooooo«e. 
Engines ~ 8 Allison 501-08 ® 3316/Engine, S.L, 
Weight i First Landing   ...      . 
Hover Ceiling,.  .  . .NRP, Standard, Take-Off 

Gross Weight (No Water/Alcohol Injection) 

O   0   O   O 

0        0        9        0 

•  o  a  o 

•  •  •  a 

o  a  e  o 

e • •  a 

•  <*  O  0  o 

•  •0*0 

NRP 
e • o o 

•  o  •  e  a 

83,600 lbs, 
6,000 lbs, 

13,000 lbs. 
2,900 lbs. 

19.08 ft. 
8 (Dual) 
135/Blade 
900 FPS 

71250 lbs. 

6200 ft. 

I 
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CHECKED 

APPHDVED 

HiLLER HELICOPTERS 
TTLE       ft' 

Zinv. v 

A 
P. L11 ■ ; 

n £ p an TNO 

?o0 KOJEL lOJif'-D (Cominued) 

Hover Ceilinp. . »  ». Maximum Power (No Waterr-Alcohol 
Injection),  Take-Off Gross Weight  ..,..,,«.    =      ^p00 ft. 

Hover ii 6000 ft«,   ''l)0F.,  Take-Off Gross '.-eight requires 9^2 available 
Maximum Power + HoO/Alcohol Iniection. 

Ferry Range d 2C% overload,  ?.500Cf cruiDt 

Altitude, 10;l Heserve O   o  o  o   o   n O   0   o   O   0   c KoHio 

The methods used in computing the performance of models I.OI48-3 and 10it8-D 
are identical to those used for Model lOi+8-A except thab the manufacturer's 
estimated engine performance, including the effects of jet thrust, were 
used in place of the generalized characteristics of Reference 3« 
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